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M e m o r a n d u m
To: Peter Borowiec
From: Michael Oakland
Date: June 18, 2002
Subject: Time Critical Asbestos Removal ProjectFormer Screening Plant SiteDifferences in Agricultural Fill Test DataLibby, Montana

CDM has reviewed the testing procedures used by the prop er ty o w n e r ' s testing laboratories,
Sandberg Laboratories L t d . and Norwes t Labs to analyze s t o ckp i l ed agricultural fill for use at
the Screening Plant site. CDM retained Maxim Techno l og i e s , Inc. to p e r f o r m an analysis of
the s t o c k p i l e d agricultural f i l l for compliance with the G o v e r n m e n t ' s s p e c i f i c a t i o n . A second
round of test ing was p e r f ormed by Maxim as a direct comparison to the tests p e r f o r m e d by
the p r o p e r t y o w n e r ' s t e s t ing laboratories . W h i l e all laboratorie s use a hydrometer to
d i f f e r e n t i a t e between the sand, silt and day part i c l e s in the soil sample s , fundamenta l
d i f f e r e n c e s in the methods used result in the variations in the results.
Maxim Technolog i e s uses s tandard procedure ASTM D-422 that includes a combination of
mechanical screening and hydrometer to determine the gradation of the entire sample with
the hydrometer used to c l a s s i f y materials below the 0.075 mm size. The procedure is d e ta i l ed
and r ig id ly s p e c i f i e d .
The proper t i e s o w n e r ' s laboratories, Sandberg and Norwe s t , used the less rigorous
Bouyoucos or M o d i f i e d Bouyoucos Method s . T h e s e methods use only a hydrometer a f t e r
screening all soil at the 2 mm size. W i t h the V o l p e Center's authorization, we prov ided each
laboratory with a copy of Maxim's test results and asked each laboratory to provide their
interpre tat ion of the d i f f e r e n c e s . T h e i r responses are at tached.
The fundamenta l d i f f e r e n c e s between the methods are that the ASTM procedure takes
readings of the hydrometer at set times and then uses the time, temperature and reading d a t a
to compute an equivalent grain size while the Bouyoucos methods es t imate when a certain
grain size will have se t t l ed and takes a single reading at that time. However, pre-calcu la t ion
of this time does not account for some aspec t s the hydrometer m e t h o d o l o g y such as the actual
height of the hydrometer.

l 8 0 2 , d D C
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Mr. Peter Borowiec
June 18, 2002
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In add i t i on/ there also seems to be s igni f i cant variability regarding what times should be used
within the Bouyoiicos method i t s e l f . Publicat ions, such as the one attached to our previous
mernoraridurjo, dated May 28, 2002, on the results for the Agricultural Fill te s t ing, i n d i c a t e a
s igni f i cant range of times being used by various laboratories which would a f f e c t the result s .
T h i s is r e f l e c t e d in the comments on the d i f f e r e n c e s made by the Sandberg lab.
In summary, a f t e r f u r t h e r reviewing the d i f f e r e n c e s in the procedures, we continue to believe
that the ASTM 422 method, as used by Maxim Technologi e s , is a more accurate procedure for
determining gram size distribution and we believe that these results should be used in
assessing the agricultural f i l l .material for compliance with the G o v e r n m e n t ' s prociirement
s p e c i f i c a t i o n s .
Attachment s
Fax response by S a n d b e r g
Fax response by Norwe s t

a V J e w b o r B A d m l n t e t r a l l o n \ n a m a s \ O A K L A N D \ M e n i O f a n ( m m 0 8 1 6 0 2 , d o c
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F a x ; (403) 327-8527
F A C S I M I L E T R A N S M I S S I O N

To: Harald Leiendecker
Name:
Company." CDM Federal Programs Corporation
Fax No: 617-4S2-S432

From; Norwest Labs Letbbridge
Name: K e n M r a z d c
Date: Tuna 4*, 2002

T U 4 H 1
3131 l
Lethbridge, AB

Total number of pages transmitted including this sheet U RS VP
If you do not receive an paged as indicated, please telephone (403) 329-9266.
Haorid,

Q FYI Q

Attached you wiD f ind a research publication that Nonvest published in the Commun. S o i l Sci.
Plan Anal that relates to some of the issues with ptotic le size by hydrometer. This research wasdone by our own scientists because of the inherent variability we were seeing between methods
and modified methods. The method that Norwest used on these samples in question (Libby
Asbestos Proj e c t) is the method as sp e c i f i ed in our publication.
The technical notes f rom tbe Journal of Range Mgntt also i d e n t i f i e s variability based on time,
temp, and dispersion agent. These have all been addressed in the research that Norwest has done.
I hope this h e lp s a Wt in c lari fying the d i f f e r enc e s between laboratories. Let me kno\v if there is
anything farther that I can be of he lp for.
Ken MrazekVice President
AgriFood DivisionNorwest Labs.

Our Locations
£4inoimmPhone; (403) 43^5502Pac (408)43441588Energy North EdmocttonPhww; (<*») JtsgJSS22

Fax (403)451-4022

CalgaryPhono: (403) 291 J022
Fax: (403)291-2021Energy South - CtrigaryPhone: (403) 381-3034Fax: (403)250-2819G n t n f e PrairiePhone: (403) 532-8708Fwc 1403)539-0611

LcttibrldgiiPhon*: (403} 32S^>256
fax; (403)327-3627Fort St JohnPhone: (350) 7SS-2731Pax: (ZjQ) 785-7D92estevan
PDor»: (306) S34-7218Fax^ (306)«34-4101

IMPORTANT! Tit* accompanying ineassse Is inwntial for the usa of the WMrfual or a r t f t y to vrtiteh a te addre&wx] and may representInformat ion mat is privi leged, conRdenOal ant; exempt nx cfoctoaur* under a p p f c a b t e taw. If 1ha raac)»r at thin meccage re rcUb*trrtenoed re c ip f ent , yew am hereby notified mat any cCaeottifnaiion. cfisrtrttwtion. or cop-fins or ottwr we or ttitj commurocabon & stncityp r o h l b f t e d . If you racwive ttw comnwracsBon in wror. p f ea s c no t i fy us immwfeWy by tetephooe. and return tffc message to us tf theabove address via the Oanar f i f ln Pood Service postage due. Thank you
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S T A N D A R D PROCEDURE I N T H E
H Y D R O M E T E R M E T H O D F O R P A R T I C L ES I Z E A N A L Y S I S

J o h n A s h w o r t h , Doug Keyes, Rhonda K i r k ,
and Robert Lessard

Norwe s t Labs, 9938-67 Avenue.
Edmonion, AB T6E OPS, Canada

A B S T R A C T
In a wide ly-used method for part i c l e size analys i s of soil s , the
weight percentages of sand, s i l t , and clay are calculated f rom the
d e n s i t y of an aqueous soil suspension measured by hydrometer.
Then; are many versions of the procedure, d i f f e r i n g in the t y p e of
di sp er s ing s o l u t i o n , the volume of the suspension, the time of set-
t l i n g b e f or e taking hydrometer readings, or in the method of cor-
recting the raw readings. Our procedure avoids errors Inherent in
some versions of the method, which can cause di s crepancie s f rom
expected values. The d e ta i l s of our procedure should interest those
concerned with minimizing c o n f i d e n c e l imits in inter-laboratory
surveys and w i t h p r o v i d i n g rel iable p a r t i c l e - s i z e d i s t r i b u t i o n data
to laboratory c l i en t s ,

I N T R O D U C T I O N
A k n o w l e d g e of p a r t i c l e size d i s t r i b u t i o n i s u s e f u l foe characterizing s o i l s

in terms of their s u i t a b i l i t y for a range of a g r i c u l t u r a l , ensineering* l a n d s c a p i n g orrec lamation purposes.

633

C o p y r i g h t © 2001 by Marcel Dckkcr, Inc. . vwvr.ilckioir.coni
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6 3 4 /VSH W O R T H ET AL-
The hydrorneier method f or p a r t i c l e size a n a l y s i s o f s o i l s (1) i s s i i l] in W i d e -

•spread use, U requires inexpens ive e q u i p m e n t and o n l y basic technical e xper t i s e .
One version of the procedure cun be used vo construct s o i l p a n i c l e size summation
curves (2, 3, 4J, but sve arc concerned here w i t h the original Bouyoucoi (1)
method for as se s s ing we ight percentages o f [he s and , . s i l t and clay f r a c t i o n s ,

In t h i s procedure a d e n s i t y reading made 40 S a f t e r a g i t a t i n g a soil (<2 rnm)
suspension in a measuring c y l i n d e r is used for c a l c u l a t i n g % sand ( d e f i n e d as
p a r t i c l e s >50 ^t), and a later (2 h) reading is used to ca l cu la t e % clay (<2 j i ) .
T h e s e p a r t i c l e size t h r e s h o l d s conform co ihc c l a s s i f i c a t i o n systems of both the
U n i t e d S t a t e s Department o f A g r i c u l t u r e and the Canadian S o c i e t y o f S o i l S c i -
ence. The % s i l t is the balance required for 100% of the s a m p l e weight.

Procedural d e t a i l s have al t ered over the many years dur ing which U i i s
method has been i" general use, p o s s i b l y a c c oun t ing for variat ions in resul t s of
in t er- laboratory s tudie s o f p a r t i c l e size a n a l y s t s u s i n g r e p l i c a t e samples [e,g., OSU
(5)1. There are many fa c t or s which can affect the re sul t s obtained.

Volume of Suspen s i on
Bouyoucos (1, 6, 7) s p e c i f i e d that, w i t h the hydrometer in s er t ed , a suspen-

sion with 50 g of soil was to be made up to a f i n a l level corresponding to1,130 mL. Manufac tured glass cylinders are avai lab l e with this mark inscribed.
The hydrometer (ASTM t y p e 152H) di sp lac e s a p p r o x i m a t e l y 60 mL and st> the
volume of suspension is a p p r o x i m a t e l y 1,070 mL, However, the hydrometer read-
ing increases as the volume is reduced, and other versions of the procedure s p e c i f y
a suspension volume of 1,000 mL [e.g_. S h e l d r i c k and W a n g (8)].

A d j u s t m e n t s to Raw Hydromet er Readings
T h i s s tep alters the estimated dens i ty by several grams L ' - Jf ic is not done

correctly, large discrepancies in the calculated p a r t i c l e size dis tribution can be
caused. Ways of a d j u s t i n g for the (t en s i ty of a b lank d i sper s ing solution, and for
laboratory temperature, are discussed below.

Time of Hydrome t e r Readings
The v a l i d i t y of B o u y o u c o s ' s (7) procedure was questioned by Gets and Ban-

der (9) on the grounds chat the s e t t l i n g times which he had empir i ca l ly a d o p t e d
are in c on s i s t en t wi th the requirements of s e d i m e n t a t i o n theory. They f o u n d that
% sand values calculated Erom a 40 s hydrometer reading o f t e n d i f f e r e d f rom

«-«•*• I W 3 S Y T . I S 3 M H Q K O 9 1 ' 2 1 * n / » o / B O
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P A R T I C L E S I Z E A N A L Y S I S 635
r e t a i n e d on a 53 M sieve, by more than 5% of the s a m p l e weight . T h e y

showed (Gcc f i n d Bauder, 10) that a reading made a f t e r 2 h l e a d s to an e s t imat e of
h igher the th eor e t i ca l amount (2). The s e i s sues arc al so d i s cu s sdd below.

C y l i n d e r Dimensions
S o m e documents (2, 4, 8) describe a measuring cy l inder wi th t^c f ,000 mL

mark near 10 36 cm above rhe f l o o r of the cylinder. Bouyoucos-typc cy l inder s
( w i t h the engraved l i n e c o r r e s p o n d i n g to 1J 30 mL) hove an in t e rna l dUnie t e r near
62 mm, so thai 1,000 mL reaches 33 cm above the f l o o r , as is the case w i th the
1 L p l a s t i c graduated c y l i n d e r s that we use. The e f f e c t s of c y l i n d e r d i m e n s i o n s ,
which are minor, are discussed below.

Dispers ing Agent
H e a v y c lay s o i l s and s o i l s contaminated with sodium s a l t s may not d i sper s e

c o m p l e t e l y i f i n s u f f i c i e n t d i s p e r s i n g chemical i s used. In terms of e f f icAcy, Bou-
youcos (7) said there i s l i t t l e to choose between sodium p y r o p h o s p h a t e &id tneta-
phosphaie . The f inal concentrat ion of reagent determines the d e n s i t y and v i s c o s i t y
of the s o l u t i o n .In view of all the above p o s s i b l e sources of di screpancy, there is a clear need
f or a - u n i f i e d . , va l ida t ed procedure.

M A T E R I A L S A N D M E T H O D S
In our procedure, a stock d i s p e r s i n g s o lu t i on is prepared weekly f f o m tetra-

sodium p y r o p h o s p h a t e deeahydrate ( N a d ? 2 0 7 • 10H,0, 500 g) made up to 10 L in
de ioh ized water. S o i l s are d r i e d in a current of warm air (4-5°C) and pulverized to
pass a 2-mm sieve. A sub sample (SO gl is treated in a 1 L plas t i c cup with 100 ml-
of the stock s o l u t i o n . The mixture is made up to about 250 mL and l e f t overnight
(16 .b). It is then trans f erred to a metal cup wi th indentat ions (milk-shake cup),
mixed with a high speed b l e n d & r for 5 minutes and rinsed into 4 measuring cyl in-
der. The su spens ion is made up e x a c t l y to the 1,000 mL mark with deionizcd waterfrom a large stock at laboratory temperature- The temperature of the su&pcnsioas
is uov c o n t r o l l e d , but it never d r i f t s more dun 2°C at most in thr course 6f the day.

H o m o g e n i z i n g the suspension by r e p e a t e d l y inverting the capped cy l inder
( 4 , 7 ) may be impractical when many sample s are processed daily. An alternative
is to ruke the s u sp en s i on f r om top to bo t tom with a p l u n g e r (2). In cunlory test s ,
we f o u n d that thi s method was as e f f e c t i v e as end-ovcr-end mixing. Aftbr mixing

iSVSTVO -«•- N03 J O / t O / 9 0
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A S H W O R T H E T A L .
by cither method, a s tandard ASTM t y p e 1 5 2 H hydrometer (9) i s c a r e f u l l y in-
serted 20 s ahead Of the r ead ing lime. The stem 3calc is read at the top df the
meniscus. The siem of the hydrometer is kept free of grease so that a meniscus
f o r m s p r o p e r l y . We e s l i n i u l t ; the 40 s reading lo the nearest. 0.5 g L~' and the later.
Fur more s tab l e reading (6 h a f t e r m i x i n g ) to the nearest 0.1 g L" 1 under good'light
with the aid of a m a g n i f y i n g g la s s .

The above procedure wu.s v e r i f i e d u s ing a batch of 22 soils provided by the
U n i v e r s i t y o f A l b e r t , T h e s e s ur fa c e and sub-surface mater ia l s , taken from various
locations in A l b e r t a , varied w i d e l y in p a r t i c l e size d i s t r i b u t i o n , organic matbr (2
to 10%) and l ime content (0 to 25%>), :

O T O / t O O g )

V e r i f y i n g the 40 s S a n d S e t t l i n g T i m e
S u b s a m p l e s (50 g) of dried soil (<2 mm) wert prepared and analyzed by

the procedure given above. R e p l i c a t e sub sample s (50 g) were also wet-s5evedthrough 53 /u, (270 mesh) and the dry weight of retained sand was measured1, thus
ob ta ining also the weight of" s i l t and clay pas s ing the sieve.

V e r i f y i n g the Hydrome t er Reading
S u s p e n s i o n s of f i n e s i l t and clay were obtained by allowing suspensions of

whole soil , prepared as described, to s e t t l e for about 0.2 h in order to separate all
sand, and coarser s i l t . The u p p e r por t ion, about 600 mL, was dien removed by
siphoning. It -was made up again to I L with 0.5% sodium p y r o p h o s p h a t e :deca-
hydrate s o l u t i o n . The s u s p e n s i o n was raked ^ith the p lunger and the hydrotaeuw
inserted. Readings were s t a b l e for several minutes and were estimated to the1 near-
est 0,1 g L"". The s e su spens ions were f i n a l l y transferred to a pre-weighed pdn and
dried to constant weight in a current of air al 45° C, in order to obtain the weight
of suspended s o l id s . A correction was made to these weight s for the dry weight of
Na 4P 2O 7 (mean 3,1 §) in a 1 L blank suspension.

Temperature-Dependence of Hydrometer Readings
The above d e n s i t y measurements were made in the range 2 2 - 2 4 ° C , as in-

dicated by a mercury in glass thermometer calibrated against an NBS standard.Before be ing dr i ed , the s u s p e n s i o n s of f i n e silt and clay were l e f t overnigfct in a
separate room maintained near 15.CFC. Each was then thoroughly agiiate'd and
homogenized using the p l u n g e r ; the hydrometer r ead ings were repeat ed , ahd the
actual suspens ion temperature measured.

- Hd3 3V1 XS3MHON
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R E S U L T S A N D D I S C U S S I O N

C o r r e c t i n g the Raw Hydrome t er Reading
Two approache s have p r e v i o u s l y been used in correct ing the raw hydrome-

ler reading (R). One way is to subtract an actual b lank reading (RJ made in the
d i s p e r s i n g solut ion ( w i t h no s o i l ) at the same temperature as thai: of ihe soil sus-
pensions (8, 9). The other way is TO subtract a f i x e d , standard blank read ing, whose
value corre sponds to a s t a n d a r d temperature, and then to make a correciion for the
d i f f e r e n c e between that s tandard and the actual temperature (7)_

U s i n g the f i r s t approach, we f o u n d a direc t l in ear r e l a t i o n s h i p ( w i t h
r 2 =0.998) between the w e i g h t s of f i n e s i l t and clay in 1000 mL s u s p e n s i o n s , and
b l a n k - a d j u s t e d hydrome t e r readings taken at 2 2 - 2 4 ° C soon a f t e r h a m o g e n i z i n £
t h c r r j ( F i g u r e 1) . T h i s f i n d i n g s u p p o r t s t h e view that b lank-ad ju su id readings in-
di ca t e w i th s u f f i c i e n t accuracy t h e d e n s i t y D ( i n g L ~ ' ) o f suspended s o l i d s ( 8 , 9 ) ,
according to the equation:

0 *• R - [ 1
J u d g i n g f rom hydrometer r eadings made in the 1000 mL su sp en s i on s and in d i s -
pers ing s o lu t i on , at various temperatures in the range 13-24*C, the average value
o f d R / d T ( a p p r o x i m a t e l y 0 . 3 g L ~ ' ° C ' ) scarcely d i f f e r s from d R j / d T ( a p p r o x i -
mate ly 0.4 g L~' " C " 1 ) - T h e r e f o r e , d O / d T is very small H a v i n g subtracted anactual blank reading RD f ur th er correction, to a standard temperature w i th in sev-
eral *C of the actual laboratory temperature, would have l i t t l e e f f e c t on D.

The alternative of correcting to a standard 20* C and subtracting a f i x e d
blank reading (7) p er f orms the same f u n c t i o n as subtract ing R t. It avoids the aeed
for making an actual R^, w i t h its associated blank reading error. However, it un-
f o r t u n a t e l y also introduces the risk (11) of inadver t en t ly subtract ing an actual RLwhich, d e p e n d i n g on the laboratory temperature, can d i f f e r by several g L~' f r om
the true standard blank reading appropr ia t e to 20" C.

We there fore favor us ing equation [1], The practice of subtrac t ing an actual
R^ from R also o f f s e t s any discrepancies among d i f f e r e n t hydrometers in the po~
s i t i o t i i n g of the scale in the stern during manufacture.

T u n e of Clay Reading
Equation [1] can be used to e s t imate the propor t ion of any panicle size

frac t ion, , if tha hydrometer is read a f t er the appropr ia t e s e t t l i n g time. In Gcc and
Baudcr's (9) equations [13] and [ 1 4 } [based on the theory of Day (2)], s e t t i n g the
d i f f e r e n c e between p a r t i c l e and s o lu t i on den s i t i e s at 1.6 g mL' 1 , and u s ing
0 . 9 5 X I O " 3 Kg m~ ! s ~ ' a s t h e so lut ion v i s co s i ty a t 2 2 - 2 4 ' C (by i n t e r p o l a t i o n

O T C i / S O O l a. S T ' Z T 2 0 / t O / a o
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0 10 20 30B l a n k - a d j u s t e d hydrometer reading { g / L )
Figure 1. W e i g h t of su spended s o l i d s bh ink-ad ju swd reading.

from theLr T^ble 15- 1 ), a 6 h s e t t l i n g time in the c y l i n d e r s that we use correspondsto an equivalenl p a r t i c l e size diameter of 2.0±0.1 ^t, for hydrometer readings in
the range 10-30 g L r 1 ,

Using a 6 h reading (R G 6 ) therefore removes the high bias in % c j a y associ-ated with a 2 h reading, noted by Gee and Bauder (JO), while s r i l t a l l o w i n g prepa-
ration and readings 10 be done in a regular working day by ihe same technician.

Cylinder Dimensions
The e f f e c t i v e hydrometer s e t t l i n g d e p t h i s insensit ive lo the distance f rom

the surface to the f l o o r of the cy l inder , and is scarcely a f f e c t e d by smal l changes
to the cross-sectional area of the c y l i n d e r [ u s i n g equation [ 1 0 ] of Gee and
Baudcr ( 9 ) ] .

O t O / S O O t g ) ma. arvn ISHMON
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Sand Reading

We also f ound a l in ear r e l a t i o n s h i p for the batch of 22 so i l s ( F i g u r e 2) be-
tween -weights of s i l t and c l a y p a r t i c l e s p a s s i n g 53 ^t, iind values ca lculated u s i n g
equation [1] from b l a n k - a d j u s t e d 40 s hydrometer reading,1; (R d 0 x) in IOQO mL
su spens ions a t 23*C. The near 1:1 r e l a t i o n s h i p ob ta ined ( w i t h r 2 = 0 . 9 t f 9 ) sup-
ports the empirical choice of 40 s for the pand rending vitnc (I).

C a l c u l a t i o n s
The f o l l o w i n g equations are t h e r e f o r e cons idered s u i t a b l e :
% clay = ( 1 0 0 / w J (Ro;, - R/.) [2]

in which w is the weight of dry soi l in 1000 mL of s u s p e n s i o n ;
% sand = 100 - ( 1 0 0 / w ) (R«at - R£) [3]

and
% sil t = 100 - % sand - % c l a y C4]

The blank readings R t in equations [2] and [3] arc actual reading?, which w i l l not
have the same value if the suspension temperature d r i f t s .

Calcium Carbonate and Organic Matter
Many workers [e.g., S h e l d r i c k and Wang (8)] have painted out that lime and

organic matter must f i r s t be removed, if a true assessment of size fract ions of
mineral par t i c l e s is required. Even though the s e components had not been taken
oat of the soils we t e s t ed, there were no s er iou s ly o u t l y i n g po in t s in Figure s 1 and
2. Suspended lime and organic matter f r a c t i o n s seem in e f f e c t to have conformed
to an equivalent size d i s t r i bu t i on of mineral par t i c l e s . Bouyoucos ( 6 , 7 ) sugges ted
that particle size d i s t r i bu t i on may for practical purposes be characterized by anal-
ysis done on whole soil and lhau if de s ired , lime and organic matter can be quan-
t i f i e d separately.

Hydrometer Consistency
The p o s s i b i l i t y that i n d i v i d u a l s tandard ASTM cype 152H hydrometers

might vary s i g n i f i c a n t l y in their density readings R is not e x p l i c i t l y covered in the
l i terature cited below, and needed to be cons idered , To check variabil i ty, we tested

JJQS an
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Figure 2. S i e v e a n a l y s i s versus b l a n k - a d j u s t e d readings (40•;).

salt s o lu t ions of known densi ty, us ing ASTM type 152H hydrometer s already in
use in our laboratory and new ones purchased f r o m d i f f e r e n t s u p p l i e r s . The re su l t s
indicated that b l a n k - a d j u s t e d readings made with hydrometers of this type gener-
a l ly agree w i th in ±1 g L~'. Equations [I] through [4] can therefore be expected
to a p p l y for all standard hydrometers of this type.

S a m p l e Preparation
preparat ion procedures could be a funbcr source of inter-laboratory

discrepancy. Ball m i l l s or other grinders which could break sand p a r t i c l e s intosmal l er f ragmen t s should be avoided. The risk of damaging soil p a r t i c l e s is con-
sidered low wi th the f l a i l - t y p e p u l v e r i z i n g equipment we use, t h o u g h we have not
i n v e s t i g a t e d t h i s p o s s i b i l i t y . T h e advantage o f a n a l y z i n g s ub sampl e s o f d r i e d , p u l -

0 1 0 / 8 0 0 ® -** M<ra an
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veri/.ed material l i e s i n a v o i d i n g bo th d i e d i f f i c u l t y o f " p r e p a r i n g repre s entat ive
s u b s a m p l e s of moi s t , as-received s o i l s and the need for a separate moi s ture concernd e t e r m i n a t i o n on ano ther such s u b s a m p l e (2. 8).

C O N C L U S I O N S
For the s o i l s we s t u d i e d , a blank-corrected hydrometer reading taken 40 s

a f t e r mix ing a s u s p e n s i o n of 50 g soil in e x a c t l y I L of s o l u t i o n gave an accurate
e s t i m a t e of the we igh t percentage of material p a s s i n g a 53 fjt sieve, and hence of
sand content.

The day content was c a l c u l a t e d f r om a b l a n k - a d j u s t e d 6 h r eading, thus
e l i m i n a t i n g the h i g h bias in r e s u l t s obtained wi th a 2 h reading ( 1 0 ) . w h i l e s t i l l
a l l o w i n g the sand and the c l a y r e a d i n g s both to be made by one t e c h n i c i a n con-
v e n i e m l y in the course of a working day. To guard agains t var iab i l i ty among hy-
drometer s and in r e a d i n g s made by d i f f e r e n t t e chnic ians , it is a d v i s a b l e for one
t e chnic ian to measure R and R,_. u s ing the same hydrometer.

Over a wide range in the temperature of measurement, b l a n k - a d j u s t e d read-
ings were in good agreement wich dry weights of suspended s o l i d s . H a v i n g sub-
tracted an actual b l a n k reading f r om su sp en s i on d e n s i t i e s measured ac nearly the
same t empera ture , an a d d i t i o n a l t e m p e r a t u r e - s t a n d a r d i z a t i o n of (he a d j u s t e d read-
ing 15 not required.

The v a l i d i t y of equations [2] and [3] i s u n l i k e l y to be a f f e c t e d by s m a l l
d i f f e r e n c e s in design of measuring c y l i n d e r s , or in the amount or t y p e of d i sp er s -
ing chemical used. However, errors in es t imates of pani c l e frac t ions of the orderof 5-10% of sample weight can be caused by using su spens ion volumes other
than 1,000 mL, by us ing i n a p p r o p r i a t e r ead ing t imes, or a p p l y i n g a temperature-
correction to the hydrometer reading in a d d i t i o n to an actual b lank a d j u s t m e n t .
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COM
M e m o r a n d u m
To: Peter Borowiec
From: Harald LeiendeckerMichael Oakland
Date: May 28, 2002
Subject: Grain Size DistributionsLibby Asbestos Project

T h i s memorandum summarizes d i f f e r e n c e s ijn the results of grain size di s tribution t e s t ing
conducted on samples of agricultural fill f r om the Screening Plant site in Libby, MT.
S a m p l e s were tested by the project's laboratory (Maxim Technolog i e s , I n c . ) and
laboratories (Sarvdberg & Norwes t) retained by the proper ty owners, Mel and Lerah Parker.
Maxim was retained by CDM to conduct laboratory testing of samples c o l l e c t ed f r o m a
s t o c k p i l e of Agricultural f i l l for potential use as backf i l l material on the P a r k e r ' s p r o p e r t y .
Duplicate sample s where col lec ted by the Parkers that were tested by Sandberg
Laboratories Ltd and Norwes t Laboratories. The results of the testing completed at the
laboratories retained by the proper ty owners d i f f e r e d s ign i f i can t ly from those tested by
CDM as shown in T a b l e 1 for the Sandberg lab and in Table 2 for the Norwest lab. In
addit ion, the results between me two laboratories retained by the proper ty owners also
d i f f e r e d s ign i f i can t ly .

T a b l e 1: CDM vs. Sandberg T e s t Results
. S a m p l e

LR-13752* / 15**
1R-12753 / 16
1R-13754 1 17
MR'13755 / 18

Particle-Fractions
Sand

2 5 . 9 / 1 6 J 2 . ( + 9,7%)
25.6/16.2 ( + 9.4%)
25.3/19.8 (+ 5.5 %)
26.3/16.2 ( + 10.1%)

S i l t
55.1/61.4 ( - 3 . 3 % )
59.3/61.4 (- 2.1 %)
60. 6/56.0 (+4.6%)
60.6/59.4 (+ 1.2%)

Clay
16. Q/ 22.4 (-6 .4%)
15. 1/ 22,4 ( - 7 . 3 % )
24.2/24.2 (-10.1%)
13. V 24,4 (-11.3 %)

Document c
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I K - 2 3 7 5 6 / 19
1R-13757 / 20
1R-13758 1 21
Average D i f f e r e n c e

25-7/16.0 (+9.7 %)
32.2/28.0 (+3.1%)
29.2/20.0 (+9.2 %)

+8.1 %

61.3/60.6 (+ 0.7%)
55.9/52.0 (+ 3.9%)
58.8/57.2 (+1.6%)

+2.5 %

13.0/23.4 (-10.4 %)
13.0/20.0 (-7.0 %)
22.0/22.8 (-10.8 %)

-9.0% i
' I t a l i c s : M a x i m / C D M
"Bold: Sandberg Laboratories L t d / P a r k e r

T a b l e 2: CDM vs. Norwes t T e s t Results
S a m p l e

2 K - I 3 7 5 3 / 16
2 7 M 3 7 5 5 / 1 8
m-13 7 5 7 / 2 0
Average D i f f e r e n c e

Particle-Fractions
Sand

25.6/15.3 (+10.3%)
26.3/11.0 (+ 15.3%)
31.2/18.6 (+12.5%)

+12.7 %

S i l t
59.3/66.6 ( - 7 . 3 % )
60.6/70.0 (-9.4%)
55.9/64.8 (-8.9%)

-8,5%

Clay
15.2/17.6 (-2.5 %)
23.2/19.0 (-5.9 %)
13.0A6-6 (-3.6 %)

-4.0 %
' I t a l i c s : M a x i m / C D M
* * B o l d : Norwe s t Laboratorie s /Parker

The CDM laboratory results indicate a higher percentage of sand while the p r o p e r t y
o w n e r ' s laboratories indicate a higher percentage of clay. The silt f rac t ion varied between
the comparisons with die Sandberg laboratory indicating less silt than the CDM lab while
die Norwe s t laboratory results indicated more silt than the CDM lab.
M a x i m ' s tests were conducted in accordance with standard procedure ASTM D^122 which
uses sieves for par t i c l e sizes larger than 75 nm a hydrometer for smaller sized part i c l e s .
The p r o p e r t y o w n e r ' s laboratories, Sandberg Laboratories Ltd and Norwes t Laboratories
conducted their test ing using an Improved Bouyoucos Hydrometer method which uses a
hydrometer only. The hydrometer test ing procedures used in either of the two approache s
are als.o d i f f e r e n t with the ASTM procedure having a longer duration, and taking more
readings than, the Improved Bouyoucos method.
ASTM methods are general ly used as the standard for engineering p r o j e c t s . Whi l e we have
not conducted a s p e c i f i c comparison of the two methods of determiniag grain size,
publ i shed material of others who have, generally warn that the I m p r o v e d "Bouyoucos
method is not accurate and tends to over-estimate the clay content which is consistent with
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the comparison of results on our p r o j e c t . A ' t e c h n i c a l note discussing the comparison is
attached.
In summary, we believe that inconsistent tes t ing methods f r o m those s p e c i f i e d by us for
tliis p r o j e c t are the principal reason for the d i f f e r e n c e is results. F o l l o w i n g our brief review
of the method and the published literature, we would conclude that the ASTM procedure is
more accurate.
Attachment Technical Note: Comparison of hydrometer se t t l ing times in soil par t i c l e
size analysis by Carolyn C. Bohn and Karl Gebhardt , Journal of Range Management 42(1),
January 1989.



T e c h n i c a l N o t e sComparison of hydrometer s e t t l ing times in soil particle size
analysis
C A R O L Y N C . B O H N A N D K A R L G E B H A R D T

Abstract
A l t h o u g h soil texture Is important to plant growth, cultivation, S o i l scientists have long recognized the importance of soil tex-h y d r a u H c conductivity, and soil strength, laboratory procedures ture to plant growth, cul t ivat ion, hydraulic conductivity and soilfor determining partkle size distribution can be confusing. A strength. However, managers preparing to determine soil texturenumber of se t t l ing times have been proposed for the hydrometer are sometimes confused by c o n f l i c t i n g procedural recommenda-method used to analyze the f i n e earth fract ion of soils. To separate tions. Textural classes can be determined either in the f i e l d or by a

sand and s i l t , hydrometer readings at 30 and 60 seconds, 35 laboratory particle size d i s t r ibu t ion analysis. The laboratory anal-seconds, or at 40 seconds have been recommended. To distinguish ysis most o f t c n available to land managers is some version of thebetween silt and clay, recommendations have been made for read- hydrometer method f i r s t introduced by Bouyoucos (1927). Dayinpat^-8homrsandl2-15hour s , l ,5and24hour8,2ai id24hour s (1965) a n d t h e American S o c i e t y for T e s t i n g and Material s
o r a t a h o i i M . I n t h i a ^ y . d O B d g n f f l e a n ^ (A.S.T.M.) (1972) have de ta i l ed the procedure generally acceptedsand content were found between readings made at 3v and ov • . . „ - j . ^ j T • ,._ . _ ^ *\ . ., by land management agencies and an updated edit ion was recentlyseconds and at 40 seconds. However, estimates iroro reaoings on ,_ . fr. , -. , mo£\ T- *i_- *v. j jboth rides of the s f l t - c l a y separation (at 6 hours and 12 hoars) relcas€? <&*..and ^ .r m6\ In *J method«.a mcasurcd

showed a significant variation of clay content within the sample araount of S 0 l i * ^P6 "̂1 ltt *«" ™* the suspension density isprobably due to an inadequate method of s p l i t t i n g the soil samples determined with a specialized hydrometer As soil part i c l e s s e t t l e ,into subsamples. Clay estimates from 2-hours readings d i f f e r e d t h e suspension densi ty decreases. Because larger particles s e t t l es i gn i f i can t ly from the average estimate of the spl i t sample 6/12- f a s t e r> t h e part i c l e size and summation percent remaining for thathours readings. Numerical d i f f e r en c e s were seen among part i c l e size can be calculated for each measurement time using thesize estimates from various methods; if the soil texture is near a observed hydrometer l eve l , and these results are graphed. From thedivision between 2 classes, these d i f f e r e n c e s may result in d i f f e r e n t re lat ionship on the graph, the percent of a particular part ic l e sizetextures being assigned. class can be estimated (Day 1965).. _ . _ . , _ , . , . . . , , . . » , j «^ _ ii The accuracy of the size class d i s t r i b u t i o n e s t imate depends on aKey Words: narticle size distribution analysis, sou texture, sou _ . r , • , ,. , , v . .i d »«KA/I constant temperature, carelul p a r t i c l e d i sper sa l , and p r o p e r t imingy__ __________ of the dens i ty observations. In the pas t , chemical d i s p e r sa l has
S e n i o r a u t b o r i s h y d r o l p s i r t , U . S . Fores t Service, Intennountain Research S t a t i o n , o f t e n been accompl i shed with a 5% CalgOn (water s o f t en er t rade&oi»e. Idaho 83705. Previously, lab research associate, Dqrt. of Range, Wildlife and n^^ so lut ion. However, the preparat ion currently on the marketF o r e s t r y , Univer s i ty of N e v a d a , Reao; junior author is hydrologirt. Bureau of Laod ' ' ,. . / , ,.Management, state o f f i c e . Boise, Idaho 83706, may not contain p h o s p h a t e s , which are necessary for good di sper-
Heteatch was funded by the United S t a t e s Department of the iBterior, Bureau of f i a ]. thc labe] should be examined and & d i s p e r s i n g agent such as 5Land Management, Saval Ranch Research and E v a J u a t i o n P r o j e c t . Umvemiy of ' ^ * «««iu auv.ii« tN e v a d a Agnculrural Experinsent S t a t i o n Projec t 665. The authors Ihf tnk S h i r l e y S O d l U m h e x a m e t a p h o s p h a t c purchased f r o m a chemical S u p p l i e r , m

H u d s o n for s tat i s t i cal advice. [f necessary. P h o s p h a t e s are p a r t i c u l a r l y impor tant for s o i l s high in
1 T O O . in
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te at atomic matter. VrMe £tey {I9WJ rwajmncodj a e f l l d a g a<iSI LO orioules, rhs A.S.TJ»L(]*72J f l K O f l n m c n i i s swtcnd bouts<t tht awst Tco ta t Jfiboalocj' procedures IHW spe c i fy wakingenri^hl (Gee and Bswier 1986). Ulewist, the prac*i« of usrag
i f t j f a a k e mixwB fee jaechaniwdpartkk dispmal kai been qat&-wed iTJcoJirtfc J!W7, Walter awl Boflu* 1973), Iraf soartLmusinjmy labs. It ia gcnwafiv iboujlrt iha.4 » J t d p r c c a l &b»l«E is slew

n d . g e x r t k - ' b u x JDBV Mt towst up o e c w m t e d a t H j a , while tbtmitcr i s .
wt isd. sonorous but »iay break dam* iaeds a f f e c t e d by-waticr-ig. Some of tfae prcWcmiriay fee avoided b y m a J a r g j p f a a t c mixing

Rcguntkss of -*fat -methoda are leksicdi for p a r t k f ctbe csart procedure sSwuSd be described awS -used
The timing of the b m i f i M B f i t t a - re*diajp depend* t» du>rteigi f icat imi jysoeao being vscd. The ieperadoobeiweea silt ajxlctayuwd by the H.S J>. A. (CuOCQ mnX wraaUp -occurs betnea* B to12 boon of undjet t t tbc.;] scr.lin^, btrt ihe exact cinw cannot beident i f i ed be f iaKbond.

hcroctaoil ajsamart 11-15 liours. vUl yieldactnaJ, lime at which. aB clic u3t size particks. hav* 9tct«l and•ibcrefort bracktals the cocmpctoding -peiwatt day on ihe pactuitegraph. Sinuferiv, UK bnmk
time and caube cstunxtied tram.* grapi s H o v f l t t g t l u e s c - d a u poicu&.

In. o-nfcc w lednca JalH3rrai:iJ«>'i5me, jcwajnhcra JuLi-e j c f i f w s e d avariety t>f <ibscr«idoai tiaxs wbiet t r p ^ c r f l K i m B t e t b c destced JHICII-<Jc sue end depewi aa o r t c i p o J a t S o a rather t f c a n sutroniuling thesLse isutimcasacwtwirta. B c r o ) i t K c o s { l ? S Z . j s u g g e r t f i d l h a j c readinss*t 40 s c c ond f i s*»d 2 iioiaci wrct s c f f t c i c n t , frw Oee a»d Beudw-(1971?) K*tcd. Ifca? 2 boins ov«r-eslkaMrtcd :hf i -rfaf f rwt ion andl & method of wtaghtcd a ' v c r s g r s using L

it JO
ticrore.aocrpcci by load aunsyrmcnt agencuts,, "qses
secoods.. 3, 3-3, and 33 orirwrtiss, and i.S, *.5. and 12 li.965). Hcr*wor, A.S.TJKL ( 19723 a3wj ctcoanmscded 2, 5, «5 and30- ouaimea, «nd, ], 44 And 24 bmu*, at»4 the 2»d edidoo of thtmribocfa maimftl (C3ee «nd. Bander 1986} c i j a s 30 aod^Q3, LO1, aod 30 oriouies w>d ] , 3 ,S, 2, aod 2 i ( M u r S v Ta si>t
to t imenad^pcdkrl t eaj i^sb .antDekbs tercr i i^at fr-S hoan. A J i i w u g f e the bey ^tf»>r«mg» would 1» espeeied frooo

Tvalk'jis- which bracket the b r e a J c o f i f bet^ren sdse, 'm wane CSLSCK cstuiuto fnwn ibcncr scnimg ti tan roeys u f f i c e . Jt i s importaptt-D idemtif>"wli»t tdBcclshorter srt t l iaig t irncjowy Jmvft OB soii c wtnce estSraaticau. We repnn June T«olt* Ccono
Meiboda

soil simixtes. -were coltetied frora a ] ,300 fool i c t i c f a ofTtiwr tn lwnJc io. ebc l i x l p p w j d t a i c e M-oturtaias, j& a d J e v B W t l i ofElic. Ncwai*.. As ia lypfcalj}- true, i faese ripirisa K»U hev* oort.be«s c laa s i f i cd lo series, bitl *r«5«>sraSi- pe tnar tWe aUaTieffl. No<ff | i c t was made tc« sejecl a vide ran j t s o f t a c m e s . A ^vsitua;! art
was cnide iota (l i e Mreamfe tn t J i t f t a c h s i n i p i f e s j t e a a i d tbesaonfik*•Atra co t f cousd from th* fre sh ly esposed wils. The saonpies -s*-en?o*eu-dri«d aa>d sieved and ti« JiBClkitt paa»og the 2-oanv sisvcurf<s& for xnal j i s o t "by Ow S^-drccoeirT mrtJsod CDay i-SCSJ. Tirosu.l«aa(ni,p3«. Ftflm eaci sample wenc cfeo.«c! "by ^eiuly i t i w n i f l s f h i sori^iQBl a*m|»fe sefccri. citne* "sn a closed ttxntaincr wL aptxmlugout 4O s»ms fat tach. smbwropte Each subssunpk was tten UIB-f a r c n J y dUpersed t>y aoakiag ia 5% Cadge a iotarioo for 12 ntriortrgt f l U o v t ^ f liy Blixring fw 5 muai/tss «» -a mi lk s laJce mCsec. Eadlmbsampl e- f tBi poured into a Bcuyotxxa tnbe, dJhmai 9/ i l t i e&ouglatCT to bring- UK ju spe cKwas KJ 3.0CX5 ml., a«Jd (naedi-DOfcr. The s<*srpeniioaD (iensitj-was nad vritb an. A . S , T . M -

352 M Soil H y d t w o j e l e r ai 30, «, azjd 60 sccotoij, 2, 6, ujd ].2"hoion. Urns,, dua -Rure aalUrtcd. *o tat 5 nuytbads: {15 30 and 6Dwcoods so 'S^umpfe ' iu 'barajdle o f the sandi ' sd l i dirvisiiHi, «nd. f i Htut l 12honia to wmple etthsr side of the sflti'cUry dii-iaoa (tbe *brackci-
ing^aoethtidX C25-40»e«HwJ3 aad 6 JHMBS to eslinurte bctb jaod atd«&,y«5a«r t ia i ip&in t j ;(3) 40«»«ioda and 2 hiwo to e s t i o ia i c txrti
*Mrrul sad ciaf s e p w j r t M a paitws. All c w J l n t a wtsre a d j u s t e d JQTt capwaiuje <Day lW5)ajiApRrtick'Sia: d J a j n r t r t s TS. suannation
p«iC«lrt8gB» w*to g c f l p f c ^ d f a n : eaclisnbsBiBple tff de«raiine pctccn-taaea f or rpeci f ic jwrticb: i l f f i gtoqps.The oeauftinx wad a»d day p e e c t t t U i p * «̂ce afwIjTBerf; icpar-A t e l y . traaag the 12. sample* a* eefdicalkmi, j aired T-tes«5 (rF=L21iwstB M D p i f l y e d to test Ifae saaid eat imaJw bdn»«caa: (3> -foe 2. TO]K«rofJeseanb using: the 30,'£a srcoods "backet mrtbott; |2>3f l;«
seconds b*acloet v«. 40 aecoad! sad 15 bonre rowlicd; G) 3&/SOsecaads bnckstvi. tbe 4Os«oajis und 2 b a u r s f f l n b o d L ^ i wcrageaf- t t t e tw? 3d-.' 50 seconds br*c-k« sul>sainple$ TK 40s«oodir and 6homes; {3} areraje of IfaetvwJ J O / f i & s e e c o i d B b c a E i t t s TS. •W Ascoesis*nd 2 ioins. S i m U f l r i y , f«ircd T - t c s t a wm employed to test l i i cday cwioMLles betweco: (J) th* 3. s j l u a a e r p l j a each, -osifts tbw 6/12fiOBts bcacket inr t in tKl; (25 6,1 L2 hc»n bracks* mrtbod ^s. tl» fi
boon and 40 j e c f f c d j odethod; ( 3 ) f c i ' I 2 b o i « 5 t n c a c f c e t n . - ± . 2 twt ir s*nd 4ff secoaiis m e l l i o d j (4> owmgn of the (wo «,' J2 f tours: bracirtltt vs. € h.oucs*nd-*0 seconds; f.5).tverage of thr CW-D "S-.i" J.12 bmm «nd 40 second* mnhod.

Rxactti
The ptrcerrtagro of paitick su:« dasses aic-diapl^^d ia Tatik* 1and, 1 PeiBem aaaxl «iinwtiea showed jio iigni'Scatrt -dUfcccnccs
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occurs witlrin.* 'vecy cnall ttDous ran^e, jmyrc sd ing bera^cn 30 and$0 s e caod j should be ceuanabh,1 c taseto ^i£«auAlbctafc. Aaaiysbof the ciiy groops- showed a li^pd&aiu: d t f i f c r c o c c twtwcan. tb? 2
THBCket^ie ib i id. This was a p j w r w t l j , 1 due to V K n a b t l i r y within clw
3*mp>? uid Eha d i /6cu l i f of ad*qua;«]j mixi«< end
swapiks inta c o t n j > * t « T l l f i nil«iTnpies. Far these saaipfe*ieceuce m clajrewumtes btrA«en t b t s t a j i d B c d U-/ 12(UrthcKi Bod (be € bmur noetliod dt>»3 sot appear to be yniater thao0>e ranihility<»coanieTjeri i a f l p J i i c i u g t b e senijii* Ijj- JwjiuL H r w f -wrer, tbe 2 bmirsciay ertinialftdlfi'ei«d s ignc f i i cant ly (.03 bevd) f r o mthe average of Itu: twtt fi,' 12 lurats cla? *s*irni.tci< jrrul f t x x n theuoainajed- 6,' (2 txiurt, M t a m f l t e at a kasa In-rl of 5ignjficaTK?c
(.I'D), Tbw« -"we sotnc tBCrtaecable n/jmerirai d ' d E j m i o s s ber*»cnth« (MtimfiK« fracn the 6,<'t2 Itaun bnckt* encthod xod. botigios st-artsc asc&ragtunjai , p c o b a l i l y doe to t be dls
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i ' c l a y h M a k . th*x method, ia theory,
the coore accurate «*(inB.Ua. Where cha tensoaJ c l * s j i f i t a t i a t ) is

6,11 Sewods Bracitdifl MethodSub- Sub-a & o y j x l s saurpkI 1 sampfc*
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cliis occurred

H y d r a mete* CBtdings aaywlicBS t«bat«o 3* and «}ibotiid itksDBa.'bLf e i t i t oa t e tht pecceot saixi 5n a soilHoWenar , UK percent saod c«itnaw gtoKraJBy is oat a problem foeaciemiits waruing to save W> tijar. Tb* a n l r / d a y sqparexbn
T C q u i r t s s*vtja] J i o t i r s of e e t t l ingt imc , a J i h i x f g } ] o pic ions -vary on
itic snunlKr of iours oseded. Because than, ivai no

l>etw«» iJfcie- 6,' 3 2 iixtra wirthod which bractettd
hours ccT s t r id ing sdcmlii bswicqiiac^ at Jean (or some scalj
eviar, the smoedjoil d i f f e r e n c e s olucn-ed. bet»«a th« 2eooW occa sUxrwl lydc f t o e d i f f e m u : 1coctro-jJ dasies. aj>d tiechcacuLcaBy providea the ^attest a««r*=/.uJcwi to choroujsbly mix dry wnrphss. Tte Uvcl ofon the xntcaded tac of ibc data.
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